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Pengembangan padi gogo di lahan kering yang selama ini belum termanfaatkan 
dengan optimal dapat menjadi salah satu solusi dalam menghadapi masalah ketahanan 
pangan. Perakitan  varietas padi gogo tipe baru (PTB) berdaya hasil tinggi, toleran 
kekeringan, dan tahan penyakit blas merupakan alternatif pemecahan masalah di lahan 
kering. Kontribusi ilmu pemuliaan dalam berbagai inovasi teknologi padi gogo telah 
dikembangkan untuk menghasilkan varietas unggul baru. Varietas padi unggul dengan tipe 
tanaman ideal diharapkan mampu meningkatkan potensi hasil sehingga dapat mendukung 
usaha swasembada pangan. Pengembangan padi gogo tipe baru dengan memodifikasi PTB 
sawah, yaitu dengan menyesuaikan pada syarat pertumbuhan padi gogo di lahan kering. 
Oleh karena itu, PTB padi gogo yang dikembangkan adalah yang mempunyai jumlah anakan 
produktif 6-9, malai lebat (>150 gabah isi/malai), umur genjah (120-130 hari), tinggi 
tanaman <140 cm, kanopi daun lebih lebar, dan indeks panen >0,3 (Herawati et al., 2009).  
Serangkaian penelitian telah dilakukan sejak tahun 2010 (HIBAH BERSAING 2010-
2012) yaitu mulai dari membuat persilangan tetua terpilih varietas lokal dengan galur unggul 
toleran kekeringan dan kultur antera untuk mendapatkan galur haploid ganda.  Pembentukan 
populasi dasar dilakukan dengan metode seleksi silang berulang (Recurrent Selection) 
menghasilkan  12 nomor hasil kombinasi 4 persilangan (F2 SSB), dan 12 nomor hasil seleksi 
pedigree yang ditanam secara bulk (F3 Bulk).  Pada musim tanam berikutnya, sebanyak 24 
nomor tersebut di tanam secara bulk, kemudian diseleksi menghasilkan 180 nomor dari hasil 
silang berulang (F3 SSB) dan 251 nomor hasil seleksi pedigree (F4 Bulk). Luaran yang telah 
dihasilkan adalah publikasi pada  jurnal Akta Agrosia volume 18 Nomor 2 Tahun 2015, 
pemakalah pada Seminar Internasional SAFE2016 di Colombo, Srilanka dan publikasi 
Internasional IJASEIT (Scopus indexed) Vol 7 No. 3 Tahun 2017,  pemakalah Seminar 
Internasional SAFE2017 di Malaysia dan publikasi IJASEIT Vol 7, N0. 6 Tahun 2017. 
Penelitian yang diusulkan ini bertujuan untuk melakukan  seleksi pedigree karakter 
padi tipe baru pada generasi F4 dan F5 pada lahan sawah (Tahun I).  Hasil seleksi  
dilanjutkan dengan seleksi pedigree pada generasi F7 dan F8 di lahan kering, yang sekaligus 
dilakukan skrining untuk toleran kekeringan dan tahan penyakit blas (Tahun II), serta 
skrining/pengujian lanjutan  dan uji daya hasil pendahuluan  (Tahun III). Tujuan akhir dari 
roadmap penelitian adalah mendapatkan galur unggul padi gogo tipe baru berdaya hasil 
tinggi, toleran cekaman kekeringan dan tahan penyakit blas. Kegiatan seleksi dan pengujian 
dilakukan dalam 3 tahun pada pendanaan skema Strategis Nasional yang akan diajukan.   
 Penelitian Tahun I pendanaan Tahun 2018 telah dilakukan penanaman pada  3 lokasi 
lahan sawah di Kotamadya Bengkulu yaitu sawah di Unib Belakang, Rawa Makmur, dan 
Desa Semarang.  Percobaan musim tanam I/2018 telah dilaksanakan di 3 lokasi penanaman 
yaitu lahan sawah Unib Belakang, lahan sawah Rawa Makmur, dan lahan sawah Desa 
Semarang sebanyak 24 nomor lapang terdiri dari 190 galur F3 hasil seleksi pedegree di 
tanam dengan rancangan percobaan menggunakan rancangan perbesaran (Augmented 
Design) telah menghasilkan 218 galur F4 seed.  Hasil percobaan pada musim tanam I/2018 
sebanyak 218 galur atau 24 nomor lapang telah ditanam kembali secara bulk pada musim 
tanam II/2018 di Desa Semarang untuk menghasilkan F5 seed, telah mengasilkan 281 nomor 
galur F5 seed.  Hasil percobaan F5 seed akan digunakan untuk penanaman pada musim 
tanam I/Tahun 2019 yang dimulai pada awal Desember 2018 (menyesuaikan dengan jadwal 
tanam petani setempat).  Luaran yang diperoleh pada pendanaan penelitian tahun pertama 
telah menghasilkan naskah yang telah disubmit pada jurnal Internasional terindek scopus 
(Asian Journal Agriculture and Biology) (in review).  Publikasi berikutnya telah disubmit 
untuk dipublikasikan dalam jurnal SABRAO, dan pemakalah dalam International 
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BAB I.  PENDAHULUAN 
 
 
1.1. Latar  Belakang 
Padi gogo merupakan salah satu tanaman pangan yang dapat dibudidaykan di lahan 
kering.  Pengembangan padi gogo di lahan kering yang selama ini belum termanfaatkan 
dengan optimal dapat menjadi salah satu solusi dalam menghadapi masalah ketahanan 
pangan.  Penurunan areal sawah akibat alih fungsi lahan yang berubah menjadi areal 
perumahan dan pabrik industri, tingginya biaya membuka areal sawah baru, serta peruntukan 
air irigasi padi sawah yang semakin terbatas menyebabkan padi gogo menjadi penting untuk 
dikembangkan (Rachman, et al.,2003; Sumarno dan Hidayat, 2007; Hairmansis et al., 2016).  
Konstribusi padi gogo terhadap produksi padi nasional masih relatif rendah, hal ini 
dilaporkan oleh Kementan (2014) bahwa produktivitas padi gogo pada tahun 2013 rata-rata 
baru mencapai 3,3 t/ha, di bawah produktivitas padi sawah yang telah mencapai 5,3 t/ha. 
Penggunaan padi gogo varietas unggul saat ini masih sangat rendah, disebabkan karena 
kurangnya ketersediaan benih dan kurangnya minat penangkar dalam memproduksi benih 
padi yang unggul.  Kendala dalam peningkatan produksi padi gogo disebabkan oleh faktor 
fisik, biologi dan sosial ekonomi.  Lahan pertanaman umumnya bereaksi masam dengan 
kejenuhan Al tinggi, selain itu sering terjadi kekeringan dan kahat hara. Sifat-sifat padi gogo 
yang diinginkan  untuk kondisi fisik semacam itu adalah berumur genjah hingga sedang, 
anakan sedang, batang agak tegak,  tahan blas,  dan toleran Al, kekeringan, dan naungan 
(Fagi et al. 2004, Rochayati dan Dariah 2012; Herawati et al., 2009).  Mengingat hal 
tersebut dapat dijelaskan bahwa pengembangan padi gogo dihadapkan pada berbagai 
kendala yang sangat kompleks,  sehingga diperlukan perbaikan varietas yang berdaya hasil 
tinggi dengan sifat multitoleran terhadap faktor biofisik di lahan kering.  
Varietas padi unggul dengan tipe tanaman ideal diharapkan mampu meningkatkan 
potensi hasil sehingga dapat mendukung usaha swasembada pangan dan melestarikannya.  
PTB gogo dikembangkan dengan memodifikasi PTB sawah, yaitu dengan menyesuaikan 
pada syarat pertumbuhan padi gogo di lahan kering, yaitu kanopi harus cepat menutup agar 
dapat mengurangi penguapan air tanah dan pertumbuhan gulma. Oleh karena itu, PTB padi 
gogo yang dikembangkan adalah yang mempunyai jumlah anakan produktif 6-9, malai lebat 
(>150 gabah isi/malai), umur genjah (120-130 hari), tinggi tanaman <140 cm, kanopi daun 
lebih lebar, dan indeks panen >0,3 (Herawati et al., 2009).  Penggunaan varietas unggul padi 
gogo dengan sifat-sifat tersebut sangat diperlukan untuk mendukung upaya peningkatan 
hasil maupun perluasan areal tanaman padi di lahan kering.   
8 
 
1.2.  Perumusan Masalah 
Permasalahan  utama peningkatan produksi padi di Indonesia adalah penurunan areal 
sawah akibat alih fungsi lahan yang berubah menjadi areal perumahan dan pabrik industri, 
tingginya biaya membuka areal sawah baru, serta peruntukan air irigasi padi sawah yang 
semakin terbatas, sementara lahan kering masih tersedia untuk dimanfaatkan dalam 
meningkatkan produktifitas padi gogo menyebabkan padi gogo menjadi penting untuk 
dikembangkan.  Pengembangan budidaya padi gogo tipe baru merupakan alternatif untuk 
meningkatkan produksi padi nasional, karena perluasan padi sawah semakin sulit dilakukan.  
Strategi ini dilakukan diantaranya melalui optimalisasi pemanfaatan lahan tidur, dan 
sebagian besar di antaranya (sekitar 11 juta ha lebih) berpotensi untuk dikembangkan 
sebagai lahan pertanaman padi gogo.   
 Kendala utama dalam usaha produksi padi di lahan kering khususnya di wilayah 
yang beriklim basah adalah penyakit blas (Cruz, et al. 2009; Suwarno et al. 2009; Herawati 
et al.,  2016). Penyakit blas yang disebabkan oleh jamur Pyricularia grisea dapat menyerang 
padi gogo pada fase vegetative maupun fase generative. Serangan penyakit blas pada fase 
generative atau yang sering disebut dengan blas leher dapat menyebabkan kehilangan hasil 
yang signifikan bahkan dapat berdampak puso. Sementara kendala abiotik utama yang sering 
terjadi di lahan kering antara lain kekeringan, keracunan aluminium, defisiensi unsur hara 
dan naungan (Lubis et al., 2008). Sampai saat ini varietas unggul masih menjadi komponen 
teknologi utama dalam usaha peningkatan produksi padi di lahan kering. Beberapa karakter 
utama yang menjadi sasaran perbaikan varietas padi untuk lahan kering antara lain hasil 
tinggi, ketahanan terhadap penyakit blas, toleransi terhadap cekaman kekeringan, keracunan 
aluminum, dan kualitas beras dan nasi (Lubis et al. 2008; Cruz et al. 2009; Suwarno et al. 
2009).  
Varietas unggul padi gogo tipe baru toleran kekeringan dan tahan blas yang dirakit 
menggunakan plasma nutfah lokal merupakan alternatif terbaik untuk memecahkan 
persoalan tersebut. Permasalahan yang ingin dipecahkan dalam penelitian ini adalah apakah 
galur yang dikembangkan dari varietas lokal dengan metode pemuliaan seleksi silang 
berulang dan seleksi pedigree dapat menghasilkan galur unggul padi gogo tipe baru yang 







BAB II.   TINJAUAN PUSTAKA 
 
2.1.  Perakitan Padi Gogo Tipe Baru 
 Kekeringan menjadi masalah utama budi daya padi gogo di wilayah dengan periode 
musim hujan yang pendek. Di Indonesia luas lahan kering tipe tersebut sekitar 8% dari 
keseluruhan lahan kering (Fagi et al., 2004). Meskipun luas areal padi gogo yang rawan 
kekeringan tidak terlalu besar, namun ke depan diperkirakan semakin meluas akibat 
perubahan iklim global (Sutrisno et al., 2012). Untuk mengantisipasi dampak perubahan 
iklim terhadap sistem pertanian keberlanjutan, berbagai upaya terus dilakukan untuk 
menghasilkan inovasi teknologi yang diharapkan mampu mengatasi dan menekan dampak 
yang ditimbulkan oleh perubahan iklim. Inovasi teknologi tersebut antara lain adalah 
varietas unggul padi toleran kekeringan. Penggunaan varietas unggul padi gogo yang 
berdaya hasil lebih tinggi serta toleran atau tahan terhadap berbagai kendala tersebut 
sehingga dapat beradaptasi dengan baik pada perubahan iklim, sangat diperlukan untuk 
mendukung upaya peningkatan hasil maupun perluasan areal tanaman padi di lahan kering. 
Faktor penghambat biologis utama penanaman padi gogo adalah penyakit blas yang dapat 
menyebabkan penurunan hasil, bahkan dapat mengakibatkan puso (Santoso et al., 2007, 
Sudir et al., 2014).    
Pemuliaan tanaman   bertujuan untuk memperbaiki dan meningkatkan potensi 
genetik tanaman, sehingga didapatkan hasil yang lebih unggul dengan karakter yang sesuai 
dengan selera konsumen dan dapat beradaptasi pada agroekosistem tertentu. Penggunaan 
varietas unggul yang adaptif pada lahan kering merupakan teknologi utama yang 
menentukan keberhasilan budi daya padi gogo. Untuk mendapatkan varietas unggul padi 
gogo yang adaptif terhadap cekaman abiotik dan biotik pada lahan kering dibutuhkan 
sumber gen dengan sifat-sifat penting, seperti toleransi terhadap cekaman lingkungan, sifat 
unggul agronomi dan sifat unggul mutu beras (Hairmansis et al., 2016).  Pemuliaan padi 
gogo dilakukan secara konvensional dan bantuan bioteknologi seperti penanda molekuler 
(Prasetiyono et al., 2008, Mulyaningsih et al., 2010), penggunaan haploid ganda (Herawati 
et al., 2008; Herawati et al., 2009) dan rekayasa genetika (Mulyaningsih et al., 2010).  
Varietas padi unggul dengan tipe tanaman ideal diharapkan mampu meningkatkan 
potensi hasil sehingga dapat mendukung usaha swasembada pangan dan melestarikannya.  
Pada tahun 1989 IRRI telah merumuskan prototipe tanaman padi sawah yang dikenal dengan 
“new plant type” (NPT) of rice atau padi tipe baru (PTB) (IRRI, 1990).  Sifat-sifat penting 
PTB yang dikehendaki  adalah  berbatang kokoh, anakan sedang (8-10 batang) yang 
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semuanya produktif, malai lebat dan bernas (200-250 butir gabah), tinggi tanaman pendek-
sedang (80-100 cm), daun tegak, tebal dan berwarna hijau tua, umur genjah-sedang (100-130 
hari), perakaran dalam, dan tahan terhadap hama dan penyakit utama (Peng and Khush, 
1995).  Target untuk mencapai peningkatan  10 % potensi hasil  padi sawah irigasi  pada 
musim kering di daerah tropis adalah 330 malai per m2, 150 gabah per malai, 80 % 
pengisian biji, 25 mg bobot gabah kering oven, 22 ton/ha total biomas di atas tanah (kadar 
air 14 %), dan 50 % indeks panen  (Peng and Khush,  2003).  Di antara sifat-sifat tersebut, 
kunci untuk meningkatkan produktivitas padi melalui PTB adalah kelebatan malai dan 
jumlah anakan produktif (Singh et al., 2014; Tagle et al., 2016). 
Perakitan padi gogo tipe baru belum banyak dilakukan mengingat berbagai kendala 
adaptasi lingkungan dan cekaman biotik. Untuk merakit padi gogo tipe baru diperlukan sifat-
sifat yang dimodifikasi dari padi sawah tipe baru, antara lain malai lebat (>150 gabah isi per 
malai), anakan semua produktif (>6), pengisian biji > 70 %, tinggi tanaman kurang dari 150 
cm, umur genjah (kurang dari 130 hari), sudut daun bendera 10⁰-15⁰, daun kedua dan ketiga 
sedikit terkulai agar  kanopi lebih lebar, diameter batang >0.7 cm, serta toleran Al dan tahan 
penyakit blas (Herawati et al., 2008; Herawati et al., 2009; Herawati et al., 2010; Herawati 
et al., 2016a; Herawati et al., 2016b). Pengembangan padi tipe baru telah banyak dilakukan 
untuk menghasilkan varietas berpotensi hasil tinggi, stabil dan aromatik (Lestari et al.,  
2010; Tagle et al.,  2016; Singh et al., 2014) dan pengembangan hibrida padi tipe baru 
(Khute et al., 2015).   
Perakitan varietas padi gogo umumnya diawali dengan persilangan untuk 
menggabungkan sifat-sifat penting ke dalam satu populasi. Populasi tersebut selanjutnya 
diseleksi, dievaluasi, dan diuji daya adaptasinya hingga diperoleh galur harapan yang siap 
diusulkan untuk dilepas menjadi varietas unggul. Sejumlah gen ketahanan terhadap blas 
telah teridentifikasi dan galu-rgalur monogenik yang membawa gen ketahanan terhadap blas 
telah dikembangkan sebagai varietas diferensial (Tsunematsu et al., 2000, Telebanco-
Yanoria et al., 2008; Herawati et al., 2016a). Teknik pemuliaan dengan metode seleksi 
silang berulang (SSB)  adalah suatu metode seleksi dan penyilangan tanaman terpilih dari 
suatu populasi secara sistematik untuk membentuk populasi baru yang lebih baik (Abdullah 
et al., 2008, Berilli et al., 2013; Morais et al., 2015; Herawati et al., 2017). Metode ini 
merupakan prosedur pengumpulan sifat-sifat yang diharapkan dari suatu kombinasi 
persilangan dengan menyilangkan antara segregan-segregan terpilih secara terus-menerus 
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sehingga diperoleh populasi yang lebih baik dari populasi sebelumnya, karena terdiri dari 
tanaman-tanaman yang memiliki kombinasi sifat-sifat yang diharapkan.  
2.2. Studi Pendahuluan yang Sudah Dicapai 
Pembentukan Populasi Dasar F1 (Hibah Bersaing 1, tahun 2011) 
Serangkaian penelitian telah dilakukan sejak tahun 2010 yaitu dengan membentuk populasi 
dasar F1 hasil persilangan tetua terpilih varietas unggul lokal Bengkulu yaitu Sriwijaya dan 
Bugis yang telah beradaptasi baik dan  banyak ditanam petani setempat serta  lebih tahan 
terhadap penyakit blas (Gambar 1). Sedangkan galur unggul yg digunakan sebagai tetua 
toleran kekeringan diadopsi dari Balai Besar penelitian Padi (IR-7858-1) dan LIPI (IR-
148+).  Dengan demikian terdapat 4 (empat) kombinasi persilangan yaitu  P1 (Sriwijaya x 
IR-148+),  P2 (Sriwijaya x IR-7858-1),  P3 (Bugis x IR-148),  dan P4 (Bugis x IR-7858-1). 
Kombinasi persilangan tersebut menghasilkan populasi dasar F1 yang digunakan sebagai 
eksplan dalam kultur antera untuk menghasilkan galur haploid ganda (Herawati et al., 2015). 
Namun demikian respon yang sangat rendah pada tetua lokal dalam kultur antera hanya 
menghasilkan tanaman hijau dalam jumlah yang kecil dan tidak mencukupi untuk bahan 
seleksi berikutnya.  Pada musim tanam 1/2011, populasi F1 segera ditanam secara bulk 








             
Gambar 1.  Persilangan F1 varietas lokal dengan galur terpilih 
Pembentukan Populasi F2 dan F1 Silang Berulang (Recurrent Selection) (Hibah 
Bersaing 2, tahun 2012) 
Pada musim tanam 2/2011, pembentukan populasi F2 dan F3 dilakukan dengan 
menanam benih F2 yang dilakukan secara bulk dan  metode seleksi dilakukan secara 
pedigree, menghasilkan 132 nomor galur F3.  Pada penanaman populasi F2 juga dilakukan 
seleksi silang berulang (recurrent selectian) yaitu menyeleksi segregan-segregan yang 
mempunyai penampilan yang baik dalam satu populasi persilangan, kemudian disilang 
kembali dalam populasi tersebut untuk mendapatkan  sifat-sifat yang baik  dari populasi 
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sebelumnya (Gambar 2). Dengan demikian pada tahun ke dua ini diperoleh 12 kombinasi 













 Gambar 2.  Seleksi Silang Berulang (Recurrent Selection)  
 
Seleksi Pedigree F3 dan Seleksi Silang berulang (F2 SSB) (Hibah Bersaing 3, tahun 
2013) 
 
Pada musim tanam 1/2013, kembali ditanam sebanyak 544 populasi tanaman F1 SSB 
dari 12 nomor kombinasi persilangan dan menghasilkan 180 nomor tanaman yang siap diuji 
lebih lanjut (Herawati et al.,  2017).  Sedangkan dari hasil penanaman secara bulk (selfing) 
yang diseleksi secara pedigree, telah menghasilkan 251 nomor tanaman yang juga siap 
dievaluasi lebih lanjut (Gambar 3).  Evaluasi berikutnya pada musim 2/2013, dilakukan 




























Gambar 4. Road Map penelitian Perakitan Varietas Unggul Padi Gogo Tipe Baru `Berdaya 
Hasil Tinggi, Toleran Kekeringan  dan Tahan Blas  
 
 
BAB III.  TUJUAN DAN MANFAAT PENELITIAN 
 
 Tujuan  jangka  panjang penelitian adalah menghasilkan galur unggul padi gogo tipe 
baru berdaya hasil tinggi dan toleran terhadap cekaman kekeringan dan tahan penyakit blas. 
Kegiatan penelitian yang diusulkan melalui Penelitian  Strategis Nasional  ini merupakan 
kegiatan penelitian yang mengembangkan berbagai hasil yang telah dicapai sebelumnya, 
dengan penekanan (Tahun I/2018) seleksi pedigree dan karakterisasi padi tipe baru generasi 
F4 dan F5 pada 2 musim tanam yang berbeda.  Hasil penelitian pada tahun I akan diperoleh 
dua luaran yaitu dua artikel yang diterbitkan pada jurnal Internasional terindeks scopus 
dengan judul ” CORRELATIONS AND PATH ANALYSIS TO DETERMINE THE 
SELECTION CHARACTERS ON NEW-TYPE UPLAND RICE” dan “GENETIC 
ANALYSIS OF GRAIN YIELD  OF F4 POPULATIONS FROM SINGLE CROSS LOCAL 
RICE VARIETIES FOR NEW TYPE UPLAND RICE”.  Manfaat hasil penelitian ini adalah 
sebagai salah satu masukan teknologi yang dapat digunakan oleh pemerintah dalam 
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3.1.  Urgensi atau Keutamaan Penelitian  
Upaya peningkatan produksi padi dapat dilakukan melalui perbaikan varietas dengan 
teknik pemuliaan melalui persilangan dan bioteknologi. Sejak berkembangnya teknologi 
pemuliaan padi, telah terjadi pergeseran paradigma dan tuntutan dalam pembentukan 
varietas unggul baru (VUB).  Dewasa ini sifat-sifat unggul yang diinginkan makin beragam 
dan spesifik, sesuai dengan agroekosistem, masalah setempat, dan preferensi konsumen.  
Menjawab tuntutan itu, Pada tahun 2001 program penelitian padi tipe baru menjadi program 
baru Balai Besar Penelitian Tanaman Padi.  Pada tahun 2005 telah dihasilkan lebih dari 4000 
kombinasi persilangan padi tipe baru dan empat varietas unggul padi sawah yaitu Cimelati, 
Ciapus, Gilirang, dan Fatmawati telah dilepas.  Tiga varietas pertama adalah varietas unggul 
semi tipe baru (VUSTB), sedangkan  Fatmawati adalah varietas unggul tipe baru (VUTB) 
perdana (Abdullah et al.  2005).  Pada tahun 2006, Herawati et al., (2009) berhasil 
memperoleh galur padi gogo haploid ganda dengan sifat-sifat tipe baru melalui kultur antera, 
dengan seleksi yang dikembangkan  dari PTB sawah, yaitu  mempunyai jumlah anakan 
produktif 6-9, malai lebat (>150 gabah isi/malai), umur genjah (120-130 hari), tinggi 
tanaman <140 cm, kanopi daun lebih lebar, dan indeks panen >0,3.   
Pemuliaan padi untuk mendapatkan galur-galur murni yang homogen perlu dilakukan 
seleksi untuk mendapatkan informasi mengenai sifat agronomi galur berdaya hasil tinggi, 
galur-galur tersebut perlu ditanam lagi sebagai tanaman observasi dan uji daya hasil. 
Berdasarkan pengalaman tersebut, perlu dikembangkan lebih lanjut dengan cara 
mengeksplorasi varietas unggul lokal yang berdaya hasil tinggi, tetapi belum mempunyai 
sifat-sifat ketahanan kekeringan dan penyakit blas yang seringkali melanda pertanaman padi 
gogo di Indonesia. Berdasarkan hal tersebut, maka penelitian selanjutnya adalah melakukan 
seleksi karakter PTB agar diperoleh galur harapan padi gogo dengan sifat tipe baru yang 
dapat di gunakan sebagai bahan seleksi lebih lanjut.  .  
Secara rinci, signifikasi hasil penelitian ini adalah: 
1) Galur unggul padi gogo tipe baru berdaya hasil tinggi, toleran kekeringan, dan tahan 
blas sangat penting dalam peningkatan produksi padi nasional sehingga dapat 
menambah optimisme pemerintah untuk mempertahankan ketahanan pangan dan 
mencapai swasembada pangan di tahun-tahun mendatang.    
2) Diperolehnya galur unggul padi gogo tipe baru toleran kekeringan akan  
meningkatkan produktivitas padi gogo di lahan kering telah didesain sejak awal 
untuk mengoptimalkan pemanfaatan lahan kering di Indonesia. Saat ini produktifitas 
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padi gogo masih di bawah 4 ton per hektar, sedangkan dalam penelitian akan 
diperoleh galur unggul padi gogo dengan produktifitas lebih dari 5 ton per ha. 
3)  Galur unggul padi gogo tipe baru tahan blas akan mengurangi penggunaan pestisida 
yang berdampak buruk bagi kelestarian lingkungan, sehingga mengurangi biaya 
produksi usahatani padi gogo.   
4) Perakitan galur padi gogo tipe baru berbasis sumber daya genetik lokal berdaya 
adaptasi tinggi di lingkungan setempat, karena petani lokal terbiasa menggunakan 
varietas lokal secara turun temurun yang produktifitasnya masih sangat rendah.   
5) Galur unggul padi gogo tipe baru yang dihasilkan  dalam penelitian ini akan 
memperkaya keragaman genetik plasma nutfah padi gogo yang sangat bermanfaat 
bagi program pemuliaan padi. 
 
3.2.  Luaran Penelitian 
 Luaran hasil penelitian  ini  diharapkan  dapat  membantu mengatasi masalah yang 
dihadapi dalam budidaya  tanaman padi gogo terutama pada peningkatan produktifitas padi 
gogo di lahan kering. 
 Luaran  akan dicapai pada penelitian ini adalah  galur unggul padi gogo tipe baru 
berdaya hasil tinggi, toleran kekeringan, dan tahan blas. Serangkian penelitian telah 
dilakukan sejak tahun 2010 yaitu pembentukan populasi dasar.  Pada tahun I (2018) akan 
dilakukan seleksi pedigree dan pendugaan parameter genetik populasi galur generasi F4 dan 
F5 pada dua musim yang berbeda,  secara rinci luaran yang ditargetkan adalah:  
1) Pemakalah pada Seminar Internasional 6th SAFE Conference di Philipines pada 
tanggal 18-21 Oktober 2018  
2) Publikasi pada jurnal Internasional “Asian Journal Agriculture and Biology  (Scopus 
indexed Q4 rank) (status in review) 
3) Publikasi tambahan pada SABRAO Journal of Breeding and Genetic (Submitted) 
4) Galur Generasi F4 dan F5 
Capaian  tahunan  yang  telah terlaksana dan yang akan dilakukan pada  tahun  ke-1 ini 








Tabel 1.  Capaian dan rencana target capaian tahun I  pada penelitian Strategis 
Nasional yang diusulkan 
No 
Jenis Luaran Indikator Capaian 
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Internasional   Tidak ada Tidak ada Tidak ada 
Nasional  
  












Paten   Tidak ada Tidak ada Tidak ada 
Paten sederhana   Tidak ada Tidak ada Tidak ada 
Hak Cipta   Tidak ada Tidak ada Tidak ada 
Merk Dagang   Tidak ada Tidak ada Tidak ada 


















Tidak ada Tidak ada Tidak ada 
7 Teknologi Tepat Guna   Tidak ada Tidak ada Tidak ada 
8 
Model/Purwarupa/Desain/Karya 
seni/ Rekayasa Sosia 
  
Tidak ada Tidak ada Tidak ada 
9 Buku Ajar (ISBN)   Tidak ada Tidak ada Tidak ada 
10 
Tingkat Kesiapan Teknologi 
(TKT) 
  
4 5 6 
 
BAB  IV.  METODA PENELITIAN 
 Skenario seleksi lapang dan  pengujian galur yang  telah dilakukan dan akan 
diusulkan melalui pendanaan  Penelitian  Strategis Nasional    selama 3 tahun (tahun 2018-
2020)  adalah untuk melakukan seleksi, karakterisasi, skrining, dan uji  daya hasil.  Secara 
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       Gambar 5.     Bagan Alir Perakitan Galur Padi Gogo Tipe Baru Toleran Kekeringan dan Tahan 
Blas 
Persilangan  
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Tahun I 2018 (Seleksi Pedigree F4 dan F3 Seed untuk Padi Gogo Tipe Baru) 
 
 Penelitian ini bertujuan untuk memperoleh F4 dan F5 seed dengan metode seleksi 
pedegree yang dilaksanakan pada dua kali musim tanam Tahun 2018.  Percobaan dilakukan 
dua tahap yaitu percobaan generasi F4 dilakukan pada musim tanam I bulan Desember 2017-
April2018, dan percobaan generasi F5 pada musim tanam II bulan Juni-Oktober 2018. 
Waktu dan Tempat  
 Percobaan akan dilaksanakan pada bulan Desember 2017 - Oktober 2018. Pengujian 
dilakukan di kebun percobaan lahan sawah Unib Belakang, Desa Semarang, dan Rawa 
Makmur, Kotamadya Bengkulu.   
Bahan  
 Bahan genetik yang digunakan adalah benih hasil seleksi pedigree pada generasi F3 
dan F4.  Benih Generasi F4 terdiri atas 190 nomor hasil seleksi pedigree  pada generasi F3. 
Sebagai pembanding digunakan varietas nasional Ciherang, Situbagendit, Inpago 5, dan 
Inpari 70.  
Pelaksanaan  Percobaan 
 Bibit telah disemai terlebih dahulu di dalam bak plastik selama satu minggu sebelum 
pengolahan tanah. Pengolahan tanah dimulai dengan  membersihkan  gulma yang ada, 
selanjutnya tanah dicangkul dengan kedalaman 20 cm, bagian bawah tanah dibalik 
sedemikian rupa agar patogen-patogen yang berada dibagian bawah mati setelah itu 
kemudian diratakan. Pembuatan  petak berukuran 4 m x 5 m  yang dibuat dengan mebatasi 
dengan tali rafia. Jarak tanam 20 cm x 30 cm, dan jarak antar galur 40 cm di batasi dengan 
tali rafia untuk memudahkan penanaman.  Setiap petak percobaan terdiri atas 16 baris.  Tiap 
galur ditanam dua baris masing-masing baris terdapat 12 lubang tanam, dan ditanam satu 
bibit per lubang.  Tiap petak ditanam empat galur dan empat tetua sebagai cek yang disusun 
secara acak. Terdapat 28 petak percoban sebagai blok untuk 190 galur yang diuji.  Keempat 
tetua ditanam di semua petak.  Penyulaman dilakukan lima hari setelah tanam dengan 
menanam kembali bibit di tempat yang tidak tumbuh  pada setiap baris. Pemupukan 
dilakukan dengan 200 kg Urea, 100 kg SP36 dan 100 kg KCl setiap hektar.  Seluruh pupuk 
SP36 dan KCl diberikan pada saat tanam, Urea diberikan tiga kali, masing-masing sepertiga 
dosis pada saat tanam, 4 minggu, dan 7 minggu setelah tanam. Pengendalian gulma  yang  
tumbuh pada petak percobaan dilakukan secara mekanik dengan menggunakan garu dan 
secara manual (dicabut). Pengendalian hama dan penyakit dilakukan sesuai dengan 
kebutuhan di lapangan, dengan melihat tingkat serangan jasad pengganggu.  Pemanenan 
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dilakukan pada stadium masak fisiologis dengan ciri-ciri jika 80% seluruh malai telah 
menguning. 
Metode Percobaan  
Rancangan percobaan menggunakan rancangan perbesaran (Augmented Design) 
(Baihaki, 2000; Federer et al., 2001).  Rataan tersesuaikan (adjusted) genotipe yang diuji 
diperoleh setelah dihitung pengaruh blok dengan rumus :   Pj = Bj – M  
Nilai rataan tersesuaikan = Yi – Pj 
dimana :    Pj = pengaruh blok ke-j, Bj = rata-rata kontrol dalam satu blok j, M = rata-rata 
umum kontrol, Yi = nilai pengamatan genotipe ke-i. 
Least Significant Increase (LSI) antara nilai rata-rata tersesuaikan masing-masing 
karakter satu genotipe uji dengan rata-rata satu genotipe kontrol ditentukan dengan rumus : 






   ,     db=(b-1)(c-1) 
dimana:   LSI = least significant increase, KTE = kuadrat tengah galat, tα = nilai t student 
pada α satu arah, b = jumlah blok , c = jumlah kontrol (cek) 
Semua nilai rata-rata hasil genotipe baru yang lebih besar dari: 








   
dinyatakan  berbeda  nyata dengan rata-rata hasil cek ke-i, pada t (satu arah) dengan  db (b-
1)(c-1). 
Korelasi genotipik dapat dihitung dengan menggunakan rumus :  
)(
)(.












     dalam hal ini, kov. g(xixj)=peragam genotipik antara sifat i dan 
j, 
2
)(xig =  ragam genetik karakter i, 
2
)(xjg = ragam genetik karakter j. 
 Untuk    menguji   signifikansi   nilai   korelasi  antar karakter digunakan uji-t menurut 




 dimana,   t = 
nilai yang diperoleh dibandingkan dengan  t student, db = (n-2),  r = ulangan,  n = populasi 
yang diamati. 
Variabel Pengamatan 
Pengamatan dilakukan pada rumpun terpilih yang memiliki karakter padi tipe baru 
yaitu malai lebat (>150 gabah isi per malai), anakan semua produktif (>6), pengisian biji > 
70 %, tinggi tanaman kurang dari 150 cm, umur genjah (kurang dari 130 hari), daun bendera 
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tegak (sudut daun 10⁰-15⁰), daun kedua dan ketiga sedikit terkulai agar  kanopi lebih lebar, 
diameter batang >0.7 cm (Herawati et al., 2009).  Rumpun yang terpilih diukur varibelnya 
yaitu umur panen, tinggi tanaman pada saat panen, jumlah anakan total, jumlah anakan 
produktif, panjang daun bendera, panjang daun kedua dan ketiga, diameter batang, panjang 
malai, jumlah gabah total/malai, persen gabah isi/malai, bobot 1000 butir, bobot 
gabah/rumpun.  
 
BAB V.  HASIL DAN LUARAN YANG DICAPAI 
 
Musim Tanam 1/2018 
 Percobaan telah dilakukan pada musim tanam I tahun 2018 pada 3 lokasi yaitu lahan 
sawah Unib Belakang, Desa Semarang, dan Rawa Makmur, Kotamadya Bengkulu.  Uraian 
Tahapan Kerja dan Hasil Sementara adalah sebagai berikut: 
  
Tabel 3. MT I/2018 (F4 Seed seleksi Pedegree)(Periode Desember 2017-April 2018) 
No. Kegiatan Hasil Keterangan 
1. Tanam musim I/2018  
a. Lokasi Unib Belakang: tanam 
F3 seed 12 nomor hasil 
persilangan untuk seleksi 
pedegree 
F4 seed diperoleh 
38 nomor 
genotipe  
hampir 60% tanaman terserang 
hama tikus, sehingga perlu 
tanam kembali di lokasi rawa 
makmur 
b. Lokasi Desa Semarang F3 
seed 12 nomor hasil 
persilangan untuk seleksi 
pedegree 
F4 seed diperoleh 
90 nomor 
genotipe  
Benih untuk tanam di MT 
II/2018 
c. Lokasi Desa Rawa Makmur: 
F3 seed 12 nomor hasil 
persilangan untuk seleksi 
pedegree 
F4 seed diperoleh 
90 nomor 
genotipe 
Benih untuk tanam di MT 
II/2018 
  
Tabel 4.  Hambatan yang Dialami dan Cara Mengatasinya 
No. Hambatan Cara Mengatasinya 
1. Seraangan keong mas pada stadia 
bibit 
- Pembuatan parit disekililing 
pematang 
- Pengendalian dengan pestisida  
2. Hama tikus disebabkan petani 
tidak tanam serempak 
- Memasang umpan dengan racun 
tikus 
- Penggembosan dengan asap 
















Gambar 6.  Lokasi penanaman Unib Belakang sebanyak 12 nomor lapang (hampir 60% 




















































































Tabel 5. Hasil yang diperoleh pada musim tanam I/2018  F4 seed seleksi Pedegree  
 
 
 Sebanyak 161 nomor galur (F4 seed) telah dihasilkan pada musim tanam 1/2018 
(Tabel 5).  F4 seed yang diperoleh digunakan sebagai benih pada musim tanam 2/2018 untuk 





Musim Tanam 2/2018 
Penanaman F4 seed (sebanyak 161 galur) pada musim tanam II/2018 (Periode Juni-
Oktober 2018) untuk menghasilkan F5 seed telah dilakukan dengan jadwal kerja  berikut:      
Tabel 6.  Jadwal tanam musim tanam II/2018 (Periode Juni-Oktober 2018) 
No. Kegiatan Jadwal Kegiatan 
Musim Tanam II/2018 
1. Semai 18 Mei 2018 
 Persiapan lahan 20 Mei - 5 Juni 2018 
2. Tanam 9 Juni 2018 
3. Pemeliharaan selama penelitian 15 Juni s/d 26 Oktober 2018 
4. Panen 20-15 November 2018 
5. Pengolahan Data 16 – 21  Nopember 2018 
6. Pembuatan laporan akhir 22- 28 Nopember 2006 
 
Tabel 7. Hambatan yang dialami dan cara mengatasinya 
No. Hambatan Cara Mengatasinya 
1. Hama Keong mas yang menyerang 
tanaman muda 
- Membuat saluran air disekeliling 
pematang 
- Menggunakan pestisida 
pembasmi keong 
2. Serangan ulat gerayak pada 
tanaman berumur 1 bulan 
- Menggunkan insektisida 
3. Hama tikus disebabkan petani tidak 
tanam serempak 
- Memasang umpan dengan racun 
tikus 
- Penggembosan dengan asap 
4. Serangan walang sangit - Menggunkan insektisida 
5. Hama burung  Dipasang jaring penuh di areal 
pertanaman 
    










Gambar 13.  Lahan siap ditanam pada tanggal 9 Juni 2018 sebanyak 24 nomor lapang, 


































Gambar 16.  Tanaman padi telah mulai masak susu dimana sangat rentan serangan walang 






 Persilangan  Σ malai 
 Bobot malai 
(g) 
 Panjang Malai 
(cm) 
 Grain Initiation 
length (cm) 
 Σ cabang 
primer 




 Panjang axis 
malai 
 Bobot 100 
butir/malai 
247        BKL1-R5*1-1 15         3.2-6.2 23.3-30.5 0.3-1.5  7-14 25-51 145-252 1.7-2.9 18.6-25
248        BKL1-R5*1-2 10         3.6-4.9 25.3-35 0.4-2.6  8-12 28-55 156-273 1.6-2.7 20.6-26.3
249        BKL1-R5*1-3 6           4.2-7.3 28.5-34 0.9-2.4  10-20 31-56 192-320 1.7-3.1 17.4-29.4
250        BKL2-R5*1-1 10         3.6-5.9 25.5-33 0.5-3.3  8-23 27-64 130-298 1.8-3.2 20.1-27
251        BKL2-R5*1-2 14         2.7-4.5 25.3-30.9  1-3  8-12 21-50 122-220 1.9-2.9 18.7-26.3
253        BKL3-R5*1-1 5           2.7-4.5 24.9-30.7 0.4-2.4  10-11 30-41 114-191 2.1-2.5 19.8-27.3
254        BKL3-R5*1-2 5           2.3-5.1 24.8-28.9 0.4-1.9  10-12 20-37 114-201 1.4-2.0 20.9-22.7
255        BKL3-R5*1-3 3           2.5-4.3 24-27.6 1.7-2.9  8-10 27-30 137-170 2.1-2.8 15-22.7
256        BKL4-R5*1-1 8           2.8-3.9 24-29.2 0.3-2.8  10-14 20-44 121-192 1.3-27 17.5-25.5
257        BKL4-R5*1-2 6           2-3.2 20-28.2 0.4-2.3  9-13 21-33 105-164 1.5-2.5 10.3-24.9
259        BKL1 B-1 21         2.2-4.5 22.9-27.3 0.3-2.6  6-9 16-35 91-170 1-2.8 15.7-20.4
260        BKL1 B-2 27         2.6-6.2 20.6-27.5 0.3-2.1  7-14  3-57 115-270 1.5-2.6 17.1-24.3
261        BKL1 B-3 26         2.6-4.9 22-27.2 0.5-3.5  7-11 22-34 112-118 1.9-2.3 17.2-26.5
262        BKL2 B-1 22         3.5-6 22.8-29.3 0.3-2.2  7-11 29-55 104-276 1.8-2.7 18.6-24.6
263        BKL2 B-2 21         2.4-5.1 14.3-28.2 0.2-2.4  6-19 20-41 109-178 2.1-2.7 19.2-24.7
264        BKL2 B-2 15         2.5-4.3 23.8-27.9 0.2-2.2  7-12 19-36 109-195 1.4-2.7 18.7-23.6
265        BKL3 B-1 22         1.2-4.1 19.1-28.6 0.2-2.2  6-13  8-44 60-228 0.9-2.8 14-23
266        BKL3 B-2 5           2-4.2 22.4-26.5 0.3-3.7  7-10 17-256 97-194 1.1-2.3 18.4-22
267        BKL3 B-3 6           2.6-3.3 21-26.2 0.5-1.4  7-9 23-37 132-172 1.7-2 15-19.5
268        BKL4 B-1 12         3.5-5.1 22.2-27.2 0.2-1.5  7-17 28-56 132-239 1.4-2.5 17.7-24.3
269        BKL4 B-2 10         3.5-5.1 22.6-36.2 0.3-2.5  9-12 30-51 158-263 1.8-2.4 18-25
270        BKL4 B-3 12         3-5.5 23-27.8 0.3-2  9-12 29-53 149-295 1.4-2.2 17-22.6
281       Jumlah sampel
 
 
Gambar 17.  Hasil percobaan musim tanam 2/2018 untuk memperoleh F5 seed  
 





 Seleksi dilakukan terhadap penampilan tanaman yang memiliki anakan semuanya 
produktif, malai lebat dan bernas, serta tinggi antara 100-120 cm. Benih F5 seed yang 
diperoleh pada musim tanam 2/2018 digunakan sebagai benih pada musim tanam 1/2019 
untuk memperoleh F6 seed. 
 
Luaran 
Hasil percobaan pada Tahun I/2018 telah menghasilkan naskah untuk dipublikasikan pada: 
1.  Jurnal International bereputasi Q4, submitted tanggal 22 Mei 2018 di “Asian 
Journal Agriculture and Biology”  berjudul: “CORRELATIONS AND PATH 
ANALYSIS TO DETERMINE THE SELECTION CHARACTERS ON NEW-
TYPE UPLAND RICE” (status in review)(Lampiran 1). 
2. Jurnal “SABRAO (SOCIETY FOR THE ADVANCEMENT OF BREEDING 
RESEARCH IN ASIA AND OCEANIA)  yang berjudul ”GENETIC ANALYSIS 
OF GRAINS YIELD  OF F4 POPULATIONS FROM SINGLE CROSS LOCAL 
RICE VARIETIES FOR DEVELOPING NEW TYPE UPLAND RICtE” telah di 
submit pada tanggal 19 September 2018 dengan nomor naskah MS-18-28 
(Lampiran 2). 
3. Pemakah pada International Conference-Sustainable Agriculture, Food and Energy 
(SAFE2018), Philippines, October 19-21, 2018 (Lampiran 3) 
 
 
BAB VI.  RENCANA TAHAPAN BERIKUTNYA 
 
Rencana penelitian tahun berikutnya adalah untuk memperoleh galur pada generasi 
F6 dan F7 yang dilakukan dua kali musim tanam pada tahun 2019.  Hasil seleksi tanaman 
pada musim tanam II/2018 digunakan sebagai benih pada musim tanam 1/2019 untuk 
memperoleh F6 seed, sedangkan hasil seleksi pada musim tanam I/2019 digunakan sebagai 
benih untuk menghasilkan F7 seed pada musim tanan II/2019.  Persipan tanam berikutnya 
biasanya mengikuti tanam serentak petani disekitar Desa Semarang yaitu awal musim hujan 
untuk musim tanam I Tahun 2019 yang dimulai pada bulan Desember 2018 – Mei 2019.   
Metode percobaan yang digunakan adalah rancangan perbesaran (Augmented 
Design), penanaman dilakukan secara bulk  yang ditanam satu bibit per lubang, serta seleksi 
dilakukan terhadap tanaman yang berpenampilan terbaik (memenuhi kriteri padi tipe baru) 
antara lain: anakan semua produktif, malai lebat dan bernas, tinggi 100-110 cm. 
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Percobaan pada musim tanam I Tahun 2019 direncanakan akan didanai melului Skim 
penelitian terapan Strategis Nasional Institusi pada tahun kedua. 
 
 
BAB VII. KESIMPULAN  
 
1. Percobaan musim tanam I/2018 telah dilaksanakan di 3 lokasi penanaman yaitu lahan 
sawah Unib Belakang, lahan sawah Rawa Makmur, dan lahan sawah Desa Semarang 
sebanyak 24 nomor lapang telah menghasilkan 116 galur F4 seed. 
2. Hasil percobaan pada musim tanam II/2018 di Desa Semarang yang ditanam 
sebanyak 24 nomor lapang telah menghasilkan 281 genotipe  F5 seed. 
3. Publikasi pada jurnal Internasional terindek scopus (Asian Journal Agriculture and 
Biology) dalam proses in review dan jurnal Sabrao telah disubmit 
4. Pemakah pada International Conference-Sustainable Agriculture, Food and Energy 
(SAFE2018), Philippines, October 19-21, 2018. 
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Correlation between growth characters and yields substantially efforted to determine 
the right character selection. Other method called path analysis could be used in order to 
determine important characters, either directly or indirectly, to the crop yield. This research 
aimed to determine the selection criterion in agronomic characters of several genotypes in 
new-type upland rice, through the correlation analysis and path analysis. The experiment 
was conducted from July to October 2017 in Rawa Makmur Bengkulu. The experiment 
method applied a Randomized Block Design with three replications. The rice seed used were 
50 rice genotypes derived from the recurrent selection. Growth character observed were 
plant height, total tillers number, number of productive tillers, panicle length, number of 
filled grain, number of empty grain, flowering age, harvest age, the 1000 grains weight, and 
grain weight per hill. The results showed that the characters of the total number of tillers, 
productive tillers number, and fill grains number had a positive correlation and very 
significant on grain weight per hill were 0.58, 0.64, 0.53 respectively and significant positive 
correlation with time flowering and 1000-grains weight were 0.23 and 0.29 respectively.  
Other characters such  plant height (0.06), total number of tillers (0.16), productive tillers 
number (0.59), panicle length (0.01), fill grains number (0.42), and 1000 grains weight 
(0.26) all directly and positively influenced the grain weight per hill, which character closely 
related to the yields. Plant characters such as plant height, productive tiller numbers, panicle 
length, filled grain number, and filled grain weight per hill was applied as selection criteria 
for developing new-type upland rice. 
  




Upland rice is a prospective crop as a supporting plant of national production, which 
has been dominated by lowland rice. In other words, upland rice cultivation is an effort to 
increase national rice production, due to many difficulties in lowland rice extensification. 
The development of upland rice cultivation being done through sleeping land utilization, 
where more than 11 million hectares could be developed as upland rice fields (Puslitbangtan, 
2006). The national productivity of upland rice has been only 3.2 tons/ha, which has been 
lower than the productivity of lowland rice of 5.3 tons/ha (Directorate General of Food 
Crops, 2017). Lower productivity of upland rice being caused by varying climatic and soil 
conditions, applying lower cultivation technology in varieties, fertilization and blast disease 
control (Toha, 2005). Applying high adapted varieties has been one of the efforts for the 
national production. 
Plant breeding in the effort of upland rice variety assemblings, in this case, using 
elder plant pool of wild rice relatives, which have tolerant genetic diversities to both abiotic 
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and biotic stress. Sources of importantly plant breeding, selection, and evaluation techniques 
yield new improved varieties (Hairmansis, 2016). There have been several genetic resources 
to improve upland rice. Importantly, tolerance to both abiotic and biotic stresses, most of the 
agronomic quality of rice being obtained from the gene pool of local varieties. Barus (2008) 
said that local upland rice with higher maturity age (150-180 days), higher posture (> 150 
cm), fewer tillers (<8 bars), with mid panicle numbers, light green leaf color. Plant response 
rate relatively lower to N fertilization, harvest index of 0.3 with highly sensitive to 
environments. 
Superior variety of rice types ideally expected to increase the upland rice yield. New-
type of upland rice has been assembled through anther culture technique (Herawati et al., 
2010), but the criteria for determining the desired character actually limited due to limited of 
the selected another. Modified agromorphological characters in upland rice have been 
developed through conventional breeding of recurrent method (Herawati et al., 2017). 
Necessarily, to modify the characteristics in order to assemble the new-type of upland rice, 
such as the panicle density above 150 filled grain per panicle, productive tiller numbers 
above 6, grain filling above 70 percent, plant hight below 150 cm, maturity age below 130 
days, 10⁰-150 flag leaf angle, the second and third leaves slightly drooped for a wider 
canopy, stem diameter above 0.7 cm (Herawati et al., 2010). Improved varieties of upland 
rice in dispensed these characteristics in order to increase plant yields and upland rice area. 
The diversity of plant morphological characters has been crucial in determining the 
best method to improve the yield. These morphological characters are significantly 
important in relations to the yield potential that being used as an indirect selection criterion 
or a to enhance/magnify the variety in the new population. The genetic diversity plays an 
important aspect in which breeders always work (Gowane et al., 2013; Herawati et al., 2017; 
Osundare et al., 2017; Pachauri et al., 2017). 
According to Muhamad (2010), the yield potential character means the complex 
character that strongly influenced by both growth and yield component character. Both yield 
potential and yield component are controlled by many genes, which are strongly affected by 
environmental factors. Sravan et al. (2012) revealed that the system of breeding programs 
involved genetic diversity, and selected genotypes to develop prospective breeding lines. 
Plant breeders who assemble high yield plants rarely interested in just one character. So, 
learning about the relationship between yield and many other characters have been necessary 
(Agyei et al., 2012). 
Several types of researches to examine relationships between characters on the basis 
of correlation illustrate the closeness of two traits (Aryana et al., 2011; Gupta et al., 2015; 
Osundare et al., 2017). The simple correlations coefficient is used to evaluate the 
relationship between each character. The correlation coefficient value ranged between -1 and 
1 (Krualee et al., 2013). The positive correlation value between each character means the 
character increases yield with the increase of other character value. In contrast, a negative 
correlation value means the increased character value decreases other characters. Hussein et 
al. (2011), stated that path analysis helps to measure the indirect effect of one variable on 
other variables, through the separated correlation coefficient of both, directly and indirectly, 
influential variables. According to Zare et al. (2012), the yield potential means complex 
character being derived from several components in both positive and negative influences on 
the character. Accordingly, important contributions of each component greatly contributed to 
the yield potential. This research aims to determine the selected agronomic characteristic 
criteria on new-types of upland rice genotypes through both correlation and path analysis. 
 
 
MATERIALS AND METHODS 
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This research had been conducted from July to October 2017 in Rawa Makmur, 
Bengkulu as well as in Crop Production Laboratory, Faculty of Agriculture, University of 
Bengkulu. The experiments were arranged in a Randomized Block Design (RBD) with three 
replications. The experiments used 50 rice genotypes derived from recurrent selection in the 
F3 generation, and early-stage screened to tolerate drought stress (Herawati et al., 2017). 
Rice grain from 50 lines sown in plastic containers. After 21 days, the seedlings transplanted 
in the rice fields. Each genotype number planted in two rows, 20 seedlings in each row. 
Plants fertilized with 200 kg/ha Urea, 100 kg/ha SP36, and 100 kg/ha KCl. The observation 
of agronomic characters are plant height (cm), total tiller numbers, productive tiller number 
per hill (stem), flowering age (day after planting), maturity age (day after planting), grain 
numbers per panicle (grain), filled grain numbers per panicle (grain), 1.000 grain weight (g), 
and weight of filled grain per hill (g). The effects of agronomic character on grain weight per 
hill analyzed by both correlation and path analysis. Genotypic correlations calculated by the 
formula as:      
 
cov.g(xixj) = genotypic covariance between i and j, 
σ2g(xi) = genotypic variance of character i,  
σ2g(xj) = genotypic variance of character j. 
 
The significance of the correlation value between each character used t-test according 
to Singh and Chaudhary (2010), as follows:  




 where, t = obtained value compared with t student, df=degree of 
freedom (n-2), r = replication, n = observed population. Path coefficient analysis to 
determine the direct and indirect effects of agronomic characters, based on the following 
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Based on the above equation, the Ci value (directed influence) calculated by the formula:  
Ci = Rx-1.Ry, where; 
Rx = correlation matrix between independent variables,  
Rx-1 = inverse matrix Rx 
Ci = cross coefficient vector which shows the direct influence of any free variable that 
standard to the non-free variable 
Ry = vector coefficient of correlation between free variables Xi = (i = 1,2, ... p) 
 
RESULTS AND DISCUSSION 
 
Correlation Between Yield and Yield Components  
The correlation between plant characters chose the rightly selected character. The 
pattern of relationships between the yield characters and yields were known from the 
correlations value. The correlation between each character presented in Table 1. The plant 
height positively correlated to the filled grain (0.32) and positively correlated to the empty 
grain number (0.43), but inversely proportional to both productive tiller number (-0.24) and 
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maturity age (-0.23). The data shows that the increased plant height will increase the filled 
grain number, but the higher the plant height higher the empty grains. Limited photosynthate 
for grain filling due to most of the photosynthates is partitioned for the vegetative plant. 
Although the higher the plant height positively correlated with filled grains per panicle, the 
selection is based on the plant high character needs to be considered due to the plant height 
related to the plant lodges which limited the yield. Peng et al. (2008) reported that plant 
height and leaf width are the characters associated with lodge resistance, nutrient content 
and, the efficiency of photosynthetic. 
Total tiller number positively correlates to the productive tiller numbers (0.95) 
indicates the observed total productive tillers, according to the desired criteria of new types 
of upland rice which tiller numbers are all productive (Khush, 2013). The productive tiller 
numbers positively correlated to panicle length (0.29), flowering age (0.35), maturity age 
(0.31), and significantly affected the grain weight per hill (0.64). The panicle length 
positively correlated to both the empty grain numbers and the flowering age. However, the 
panicle length negatively correlated to the 1000 grain weights. Increasing the number of 
filled grains per panicle will significantly increase grain yield per hill. The results of this 
study are also shown in the study of Yang et al. (2007) on a new type of upland rice. On the 
contrary, increased un-fill grains per panicle can decrease grain yield per hill. This is 
indicated by the negative correlation value (-0.08). A large number of grains per panicle 
followed by filling grain at a high panicle will increase grain yield.  Panda et al. (2015) have 
reported that the sucrose synthase (SUS3) enzyme actively involved in the seed filling 
period, increased spikelets density of panicle affected SUS3 expressions in the basal 
spikelets.   
The characters such total tiller numbers, productive tiller numbers, and filled grain 
numbers positively correlated to the grain weight per hill, and the panicle length, flowering 
age and 1000 grain weight. Thus, all five characters could be used as selected criteria to 
increase grain yield. According to Gomez and Gomez (2002) and Matchik and Sumertajaya 
(2002), the correlation value between the two characters approached -1 or +1, closer 
relationship between two characters. The more positively correlation coefficient indicated 
that, the greater the value of the variable the greater the yield. In contrast, the smaller the 
value, the lower the yield in drought stress conditions. The negative correlation coefficient 
value showed the greater the value, the lower the yield of grains obtained. 
The increased 1,000-grain weights followed by increased of yield per hill shows by 
the positive correlations value. The 1,000-grain weight relates to the grain both size and 
level of un-filled such the larger the filled grain would, the higher the 1000 grain weight. 
Overall, increased yield per hill obtained by increased total tiller number, productive tiller 
numbers, panicle length, filled grain number per panicle, and 1000 grain weight, but 
inversely related to both plant height and empty grain number (Table 1). 
The higher the flowering age, the longer the maturity age, indicating the positive 
correlations value (0.58). The plant characteristics determine the flowering age due to the 
plant growth determines the vegetative phase. Reproductive phase of rice in the tropics 
actually 65 days consisted of a 35-day generative phase and a 30-day maturation phase (IRR, 
2008). 
 
Path Analysis to Determine the Effect of Characters on Yields 
Characters correlated to the yields (Table 1) were used as a selected character for 
new-types of upland rice. Path analysis determines growth characters, either directly or 
indirectly, influenced the yield (Singh and Chaudhary, 2010). So, the path analysis aims to 
find out the correlation coefficients of either direct or indirect effects. Based on the path 
analysis (Table 2), plant height, the total number of tillers, productive tiller numbers, panicle 
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length, filled grain weight per panicle, and the 1000 grains weight directly and positively 
affected the grain weight per hill. Productive tiller numbers, fill grain number per hill, and 
the 1000 grain weight highly and positively influences the grain weight per panicle 
respectively 0.59, 0.42, and 0.26. This result shows that the three variables contribute 
significantly to the yield. 
The path analysis creates a path diagram with the one-way causal model. Based on 
the path analysis results in Table 2, the path diagram of characters influences the yields. If 
the character that has a direct influence coefficient is low on yield, it is important to pay 
attention to the value of the character's influence on the yield indirectly through other 
characters (Singh and Chaudhary, 2010). Characters that do not affect yields through other 
characters are chosen which have an indirect effect coefficient above 0.09.    
 The plant height character indirectly and negatively affected the productive tiller 
numbers with the coefficient value of -0.14. This data has shown that the higher the plant 
height variable will reduce the formation of productive tillers.  However, precisely the plant 
height increases the filled grain number per panicle by 0.14 (Figure 1). 
The total number of tillers affected the productive tiller numbers with a coefficient of 
0.56. The coefficient value indicated that almost all of the planted tillers in the genotypes 
produced panicles. The character of new-type rice clearly with the tiller number more than 
12, which were all productive (Herawati et al., 2010; Khush, 2013). The productive tiller 
numbers per hill have become a character that is used as a selected criterion in order to 
improve the yield of new-type rice. Reference Peng et al. (2008) at least 330 productive 
tillers per m
2
 (10-14 crops per hill) to increase 10% yield potential in wetland rice.   
The high productive tiller number affected by the flowering age and indirectly by 
maturity age respectively of 0.21 and 0.18. The figure shows that the higher the plant 
maturity age led to the more prolonged the vegetative period and the chance to form more 
tillers. However, the tiller numbers depended on the plant ability to produce photosynthate. 
Khush (2013) revealed that in order to increase the yield potential, the rice increased the 
biomass production with the harvest index that responsive to nitrogen fertilization, resistant 
to lodge, and photosynthate partition.  
The panicle length showed a negative coefficient value to the 1000 grain weights. 
The data shows the longer the panicle led to the smaller the grain and the lower the grain 
yield per hill. This data shows that the longer panicle led to smaller the grain size which 
causes a decrease in grain yield per hill. Dea et al. (2018) revealed that grain filling poorly 
subjected to the expression of recessive allele for high ethylene production, but the allele 
being amenable for suppression to the dominant allele in genetic breeding. Based on the path 
analysis, the residual of 0.47 indicated that other effect on the grain yield could not be 
explained through this research. Further researches being required in order to explain the 
relationship between grain yield and morpho-physiological properties such as leaf angle, and 
selections to drought and resistance to blast disease. 
Determination of Selection Characters of Rice Genotype for New Type of Upland Rice  
Correlation between any characters was used as an indirect selection for the main 
characters so that some information obtained from this research determines the selection 
character for new-type of upland rice (Table 3). This research found that the yield of new-
type of upland rice predicted several characters effect on plant yield such plant height, 
productive tiller numbers, panicle length, grain number per panicle, and grain weight per 
hill. Herawati et al. (2010) developed some criteria for new-type of upland rice by modified 
the characters of new-type rice, big panicle (> 150 grain per panicle), productive tillers (> 6), 
filled grain > 70%, plant height below 150 cm, short maturity age (less than 130 days), 10⁰-
15
0
 flag leaf angle, the second and third leaves slightly drooped to allow the plant canopy 
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wider, stem diameter > 0.7 cm. The characteristics of new-type upland rice are presented in 
the selected genotype as Table 3. 
Plant height and productive tillers have been an agronomic character as a specific 
identity of a genotype. The standard of plant height, which IRRI specified in the new-type 
rice has been at least 100 cm (Peng et al., 2008). While the characteristics of the ideal plant 
according to Ma et al. (2006) was a plant height of 115-120 cm. These criteria prepared 8 
selected genotypes with plant height close to ideal for new-type rice (110-125 cm). 
Productive tiller numbers, which > 12 filled grain clearly with opportunity for higher yields, 
this could be seen from the direct effect of the number of productive tillers of 0.59 on the 
grain weight per hill (Table 2). According to Peng et al. (2008) the number of productive 
tillers at least 330 tillers per m
2
 (10-14 tillers per hill) in order to increase 10% of yield 
potential in wetland rice.  
The panicle length ranges between 30-36 cm presented 31 selected genotypes (Table 
3). Although the panicle length effects with a value of 0.01, however, it is necessary to 
consider indirect effects through productive tillers of 0.17 (Figure 1). Long panicles allow 
the formation of many panicles, but an insufficient supply of photosynthates from leaves 
increases the empty grains. Kobata and Iida (2004) showed that lower filled grains in new-
type rice attributed to lower efficiency of the assimilate partition from the plant leaf to the 
grains. Virk et al. (2004) developed a new-type rice strategy on panicle length for 150 grains 
per panicle. Furtherly, Peng et al. (2008) confirmed that the number of panicles per m
2
, the 
percentage of grain filling, total biomass and harvest index were required for new-type rice. 
Moreover, Khush (2013) reported that poor grain filling of new plant type line was attributed 
to lack of apical dominance within a panicle, compact arrangement of spikelets and a limited 
number of large vascular bundles for assimilating transport to grains. Increased grain fillings 
after the grain disposal prepared with high photosynthetic rates, increased biomass 
production, aging of leaf and root (Wei et al., 2016). 
Based on the information from path analysis, the filled grain number per panicle 
highly direct the effect on grain yield as 0.42 (Figure 1). The filled grain number per panicle 
became one of the important characters to be used as a selected criterion concerning higher 
grain yield. Selected genotypes filled grain numbers per panicle of 160-200 and grain weight 
of 25-38 gram per hill (Table 3). Zhengjin et al. (2005) developed the ideal rice, which 
criteria of the grain numbers per panicle higher than 160 grains, while Virk et al. (2004) 
developed new-types rice, which character of the filled grain of 150 grains per panicle. The 





The characters of the total number of tillers, productive tillers number, and fill grains 
number had a positive correlation and very significant on grain weight per hill were 0.58, 
0.64, 0.53 respectively and significant positive correlation with time flowering and 1000 
grains weight were 0.23 and 0.29 respectively. Other characters such as plant height (0.06), 
total number of tillers (0.16), productive tillers number (0.59), panicle length (0.01), fill 
grains number (0.42), and 1000 grains weight (0.26) all directly and positively influenced 
the grain weight per hill, which character closely related to the yields. Plant characters such 
plant height, productive tiller numbers, panicle length, filled grain number, and filled grain 
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TNT PTN PL FG UFG 
 
TF TH 1000W GWH 
PH 1 -0.25* -0.24* 0.14 0.32* 0.43** 0.04 -0.23* -0.03 -0.06 
TNT  1 0.95** 0.28* 0.03 0.15 0.34* 0.35* -0.25* 0.58** 
PTN  
 1 0.29* 0.09 0.19 0.35* 0.31* -0.2* 0.64** 
PL  
  1 -0.00 0.37* 0.27* 0.12 -0.43** 0.03* 
FG  
   1 0.09 0.21* 0.07 0.24* 0.53** 
UFG  
    1 0.04 0.05 -0.31* -0.08 
TF       1 0.58** -0.1 0.23* 
TH  
      1 -0.48** 0.01 
1000W  
       1 0.29* 
GWH  
        1 
PH = Plant Height; TNT=Total Number of Tillers; PTN = Productive Tiller Number; PL = Panicle Length; 
FG = Filled Grain per Panicle; UFG = Unfilled Grains per Panicle; TF=Time of Flowering; TH = Time of 
Harvest; 1000W = 1,000 Grain Weight; GWH= Grain Weight per Hill 
* and ** = significantly different at P < 0.05 and P < 0.01 
 
 







PH TNT PTN PL FG UFG TF TH 1000W 
PH 0.06 - -0.02 -0.01 0.01 0.02 0.03 0.00 -0.01 -0.002 
TNT 0.16 -0.04 - 0.15 0.05 0.00 0.02 0.05 0.06 -0.04 
PTN 0.59 -0.14 0.56 - 0.17 0.06 0.11 0.21 0.18 -0.12 
PL 0.01 0.001 0.003 0.003 - -0.00 0.004 0.003 0.001 -0.004 
FG 0.42 0.14 0.01 0.04 -0.001 - 0.04 0.08 0.03 0.09 
UFG -019 -0.09 -0.03 -0.04 -0.07 -0.02 - -0.007 -0.01 0.06 
TF -0.05 -0.002 -0.017 -0.02 -0.01 -0.01 -0.002 - -0.03 0.005 
TH -0.08 0.02 -0.03 -0.02 -0.01 -0.01 -0.004 -0.04 - 0.04 
1000W 0.26 -0.01 -0.07 -0.05 -0.11 0.06 -0.08 -0.03 -0.13 - 
PH = Plant Height; TNT=Total Number of Tillers; PTN = Productive Tiller Number; PL = Panicle Length; 
FG = Filled Grain per Panicle; UFG = Un-filled Grains per Panicle; TF=Time of Flowering; TH = Time of 































Table 3. Determination of Selection Characters of Rice Genotype for New Type Upland 
Rice  
Characters Genotype Range Mean 
Plant Height (cm) 
G29, G50, G49, G38, G46, 




G23, G24, G22, G40, G14, 
G28, G48, G25, G44, G17, 
G33, G9, G28, G45, G21, 
G36, G7 
12-18 13.9 
Panicle length (cm) 
G25. G21, G42, G17, G14, 
G3, G28, G22, G1, G44, G23, 
G35, G50, G36, G12, G31, 
G18, G13, G46, G9, G19, 
G39, G47, G41, G16, G2, G4, 
G7, G6, G11, G24 
30-36 30.87 
Number of fill grains 
G5, G11, G3, G10, G14, G15, 
G20, G36, G4, G19, G24, 
G13, G40 
160-200 171.2 
Grains Weight per tiller 
(g) 
G14, G24, G40, G10, G44, 
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High production of rice is closely related to high yield component characters namely 
the number of filled grains per panicle or the density of grains per panicle.  The characters 
influence the rice yield components, which are controlled by many genes that are influenced 
by the environment’s condition. This research aims to analyze the genetic variety and the 
character inheritance system on rice yield grains of F4 populations and to result from the 
plant best genotype. The research conducted in the Research Station of Department of 
Agriculture and Animal Husbandry of Bengkulu, Bengkulu Province, Indonesia”. The 
materials in this research were F3 Generation Seed consisting of 190 numbers from the 
pedigree selection which divided into 24 field numbers resulting from single crosses 
between local varieties (Bugis and Sriwijaya) with both IR7858-1 and N22 are tolerant to 
drought. The research applied the Augmented Design with the spaced planting system. The 
research result shows that the rice grain yield of F4 populations is polygenic controlled by 
additively gene actions. The heritability value and genetic variety coefficient of grain yield 
of F4 populations are classified as middle and high. The intensity selections differentials by 
10 percent that is based on the grain weight/hill character increased the middle value of other 
observed characters, like panicle length of 20.9%, the total number of grain (48.4%), the 
filled grain number per panicle (59.7%), grain weight/hill of 40.9% and decreased 
percentage of empty grain/panicle by 87.6%. Selection on both grain weight and panicle 
length characters increased the grain weight/ hill of 69.5% with selection differential for the 
panicle length of 21.8% in the next generation.  
 
Keywords: Grain yield, F4 population, single cross, heritability, genetic variability  
 
Key findings: Conventionally specific local rice breeding on relatively dry land to increase 
high yield rate could not be done without knowing the genetic constraints and inheritance 
systems are desired. Studying the inheritance systems of characters to form the desired 
character is an important first step in some segregated populations. The crossing would 
result in the recombination of parental genes to form genetic diversity caused by segregated 
genes, which interact with other genes. Selection would be optimum responsive whenever 






Increasing rice production is presented through the varietal assembly with various 
pool genes to obtain desirable high yields and some stress tolerances. The assembly of high 
yielding varieties, resistant to pests, diseases, and environmental stresses are efforts to 
increase rice productivity (Suwarno et al., 2002). The new type rice is one of the superior 
varieties that are widely developed today, both conventionally (Abdullah et al., 2008), and 
non-conventionally biotechnology (Herawati et al., 2010; Safitri et al., 2010). Improving 
plant idiotypes could achieve the 10% increase of rice yield potential. The IRRI formulated a 
new type of rice idiotype (NTI) or a new plant type of rice (NPT) with 330 panicles.m-2 (10-
15 stem hill-1), with more than 150 grains panicle-1, 80% filled grain, 1000 grain weight 25 
g (oven dry), total biomass 22 tons ha-1 (14% moisture content), harvest index 0.5, thick 
leaves with dark green and slower aging (Peng et al., 2008). 
The characters that determine the production in rice are the number of panicles per 
hill, the number of filled grains per panicle, and weigh of filled grain per hill (Xing and 
Zhang, 2010). The number of grains per panicle contributed significantly to the crop yields 
which has been being the primary key for early breeders to determine the model for rice 
yields (Zhou et al., 2018). These complex characters determine the rice yield components 
and are controlled by many genes being influenced by environmental conditions (Huang et 
al., 2010; Ikeda et al., 2013). Previous researchers identified genes that regulate these 
characters, including genes that control the tiller formation and branching panicles (Liang et 
al., 2014), several genes related to the number of grains per panicle and grain size (Zhou et 
al., 2018; Guoa et al., 2018), some genes that regulate plant architecture and grain yield 
(Zhou et al., 2016). 
 Conventionally specific local rice breeding on dry land to improve high yield rate 
cannot be done without knowing the genetic constraints and inheritance patterns of desired 
traits. Studying the inheritance pattern of characters for desired characters is an essential first 
step in assembling a variety of plants. Crossing between two individual plants with different 
characters would result in the segregated population. The segregated population consisting 
of individuals which are genetically diverse and would still segregate in the next generation. 
Genetic differences in the segregated populations could be evaluated not only 
morphologically but also through molecular markers (Prabakaran et al., 2010; Ndjiondjop et 
al., 2018). Selection would provide an optimal response if applying the right selection 
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criteria. The selection successfulness is influenced by genetic diversity and heritability 
(Ogunniyan and Olakojo, 2014; Srivastava et al., 2017). This study aims to study genetic 
diversity and the character inheritance pattern of grain yields in the F4 population and to get 
the best genotype from the selection. 
MATERIALS AND METHODS 
These experiments were conducted from November 2017 to April 2018 in the 
Research Station of Department of Agriculture and Animal Husbandry of Bengkulu, 
Bengkulu Province, Indonesia. Post-trial observations were conducted at the Laboratory of 
Crop Production, Faculty of Agriculture, the University of Bengkulu. The materials in this 
research were F3 Generation Seed consisting of 190 numbers from pedigree selection which 
divided into 24 field numbers resulting from single crosses between local varieties namely 
Bugis and Sriwijaya with IR7858-1 and IR148+ both of which were drought tolerant 
(Sriwijaya/IR-148+, Sriwijaya/IR-7858-1, Bugis/IR-148+, and Bugis/IR-7858-1). The 
experiments applied an augmented design with a spaced planting system, with a planting 
space of 20 cm x 20 cm, and one seed in each hole in a head-to-row system. Each number 
was planted with six lines consisted of ± 800 populations. Fertilization applied twice, first 
fertilization at ten days after planting (DAP) with 150 kg/ha Urea, 100 kg/ha SP36 and 100 
kg/ha KCl. The second fertilization applied 30 DAP with 100 kg/ ha Urea, 100 kg/ha SP36 
and 100 kg/ha KCl. Control of weeds, pests, and diseases had been intensively done. 
Observations were made on the length of panicles, the total number of grains/panicles, the 
number of filled grains/panicle, the percentage of empty grains/panicle, and the weight filled 
grain/hill. Furthermore, the data were analyzed with Microsoft Excel and Minitab 15 
statistical programs. 
Variety and Heritability Components Estimation  
The data were analyzed to estimate the phenotype variance (σ2p), genetic variability 
(σ2g), the variety of environment (σ2e), the coefficient of genetic diversity (CGD), the 
standard deviation of genetic variability (σσ2g) and broad sense heritability (hbs) can be 
calculated using the formula of: 
                 Phenotype variance (σ2p)= σ2F4                              
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Variety of environment                Genetic variability (σ2g) = σ2p - σ2e 
                                                             
  
                                    
Heritability values according to Stanfield (1983) is classified as high if hbs= 0.50, 
moderate if 0.20 ≥hbs≥ 0.50, and low if hbs<0.20. The coefficient of genetic diversity 
(CGD) is used to estimate the genetic diversity of each character calculated based on the 
following formula (Knight 1979):  
        
where, σ2g = genetic diversity and X = average of population value 
Criteria: narrow (0-10%), moderate (10-20%) and broad (> 20%). 
Gene Action Estimation 
Estimation of gene action is based on the value of skewness and kurtosis (Roy 2000). 
The skewness = 0 means the action of additive genes controls the character, the skewness < 
0 means additive genes act with duplicated epistasis, skewness > 0 means additive genes 
complementarily act with epistasis. Skewness values estimation applies the below equation: 
   
 
Kurtosis describes the shape of the distribution curve. The kurtosis value is negative 
shows the shape of the graph is platykurtic, many genes control the character, The kurtosis is 
positive, the leptokurtic graph indicates a few genes control the character. The value of 
kurtosis applies the below equation: 
                  
 
where, Yi = genotype value for ith, S = deviation standards, N = data number. 
The statistics for these two parameters follow the normal standard distribution, with critical 
values for two-way testing, namely Z0.05/2 = 1.96 and Z0.01/2 = 2.57. 
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The selection differential estimation is the difference between the averagely selected 
plant percentage and the population initial average that is divided by the population initial 
average x 100%. Furthermore, the initial average is the average value of the entire 
population. The average of selected plants is the average value of all selected individuals in 
the F4 population. 
RESULTS 
Varian Analysis and Heritability  
The estimated value of variety and heritability of the F4 population resulting from the 
crossing of Sriwijaya/N22, Sriwijaya/IR-7858-1, Bugis /N22, and Bugis/IR-7858-1 are 
presented in Table 1. The coefficient of genetic diversity of the characters of grain yield 
resulted in moderate to broad criteria based on Knight (1979) which ranged from 7.63-62.46 
(Table 1). Genetic diversity among the tested characters plays essential roles in breeding for 
some desired characters (Mazid et al., 2013; Ndjiondjop et al., 2018). The selection process 
for each character will be more effective if the character expresses broad phenotypic and 
genetic diversity values. The greater the genetic diversity of a population, the greater the 
opportunity to gain the desired character (Srivastava et al., 2017; Ndjiondjop et al., 2018). 
The high diversity in the character of the tested grain yield proves that the individual crosses 
express the different genetic background. 
Skewness and Kurtosis Analysis 
The frequency distribution analysis of characters of the following panicle length, the 
total number of grain/panicle, the number of filled grain/panicle, the percentage of unfilled 
grain/ panicle, and grain weight per hill in the F4 population shows some continuous 
distribution patterns (Figure 1-5). This expresses that many genes quantitatively control the 
character. The gene action estimation analysis by Z skewness and kurtosis test on the F4 
population (Table 2) shows that all the observed characters are not significantly different, 
which means that the character data are normally distributed and controlled by many genes 
with additive gene action. 
The skewness and kurtosis analysis is the main tool to trace epistasis in the resulted 
population. In general, epistasis presents a very small value which is almost negligible, but 
whenever the action of the epistatic gene is detected, the plant phenotype would be affected. 
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The impact of dominance and epistasis gene action would be decreased on each generation, 
instead of the proportion of additive genes would increase (Roy, 2000). The negative 
(platykurtic) or positive (leptokurtic) kurtosis values directly show the number (many or 
few) of additive genes involved in each character control. Each negative and positive 
skewness indicates respectively duplicate and complementary epistasis (Jayaramachandran 
et al., 2010; Roy, 2000). According to Lestari et al. (2015) whenever the distribution of 
genotypes of a character spreads abnormally and expresses the skewness, the character 
should be influenced by the action of non-additive genes. Almost all of the observed 
characters show no skewness so that the grain yield characteris controlled by the additive 
genes action (Figure 1-5). The additive gene action on grain characteristics which is 
consistently found in all resulted population indicates that the character is a stable one. 
Mahmood et al. (2004) and Saleem et al. (2005) showed that additive gene action affected 
the character which controls the number of primary branches in panicles. Saleem et al. 
(2005) also reported that additive gene action affected the character of panicle length and 
grain density. Lestari et al. (2015) also reported that panicle length was consistently 
controlled by the additive gene action in two crossing populations of rice. Characters that are 
controlled by the additive gene action indicate that selection can take place in the early 
generation due to these characters could be expressed in the next generation. Conversely, the 
characters that are controlled by the dominant or epistatic gene actions, the selection could 
be on the next generation (Mahalingam et al., 2011; Sulistyowati et al., 2015). Kurtosis 
analysis of grain yield (Tabel 2) shows that almost all grain yield characteristics are 
controlled by many genes (polygenic). Many genes generally control the grain yield 
characters. The number of genes that control the character should affect the breeding 
difficulties (Roy, 2000; Luo et al., 2013; Lestari et al., 2015). 
The F4 Population Selection Differential 
The selection aims to obtain the higher frequency of desired genes for the next 
generation. The selection effectiveness of quantitative characters could be counted from the 
selection differential value. The selection differential is the difference between the middle 
value of the selected population and its basic population (Roy 2000). The selection 
differential could illustrate the superiority of selected individuals compared to their basic 
population. The selection in this study is aimed to produce new type upland rice with dense 
panicles (>150 filled grains per panicle), all tillers are productive tillers (> 6), seed filling > 
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70%, plant height less than 150 cm, early maturity age (less than 130 days), flag leaf angle 
10⁰-15⁰, second and third leaves are slightly drooped so that the canopy becomes wider, 
stem diameter>0.7 cm (Herawati et al., 2010). This research results show that the selection 
based on the character of the grain weight/hill should increase the middle value of other 
observed characters as namely panicle length of 20.9%, the total number of grain (48.4%), 
number of filled grain per panicle (59.7%), and decreased percentage of empty grain by 
87.6% (Table 3). Selection with 10% intensity would increase grain weight/hill by 40.9%  in 
the next generation. 
DISCUSSION 
The diversity of plant populations is highly essential for plant breeders to begin 
assembling new varieties. The size of the diversity determines the success of selection. The 
selection is the basis of all breeding activities to obtain new superior varieties. The higher 
the genetic diversity of a population, the higher the potential to get the desired characters 
(Srivastava et al., 2017; Ndjiondjop et al., 2018).  Heritability shows some comparisons 
between the genetic variability and the total number of character phenotypes. The numbers 
illustrate how the phenotype reflects the genotype. The heritability estimation values on 
grain yield characteristics indicate high criteria based on Stanfield (1983), which ranges 
between 0.78 to 0.99 (Table 1). The similar one was reported by Govintharaj et al. (2016) 
Srivastava et al. (2017) that the character of the number of grains per panicle and filled grain 
per panicle expresses some high heritability value. Akhmadi et al. (2017) reported some high 
heritability values on the panicle length characters. High heritability values express 
significant meaning in the selection effectiveness. Selection on characters with high 
heritability values would be effective and could be applied to the early generation due to 
small environmental influences on these characters (Akinwale et al., 2011). The heritability 
estimations are significant manner due to the numbers could determine which characters 
could be applied as the selection determinations. 
Crossings would recombine genes from the parental ones. The genetic diversity is 
due to the presence of genes that segregate and interact with other genes, especially in the 
early generations to increase the heterozygosity level (Sjamsudin 1990). The F4 population 
expresses a transgressive segment which is indicated by the value range are higher or lower 
than both parents (Figure 1-5). The middle value of panicle length population of 27.6 cm 
larger than the parent range of 18-23.8 cm (Figure 1). Panicle length is the influential 
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character on the grain yield. During panicle development, inflorescence meristems are 
important regulators which initiate the main branch to produce secondary branches which 
produce grains (Li et al. 2013). Panicle length is consistently controlled by additive action 
involving many genes in two populations of crossed rice (Lestari et al., 2015; Ramadhan et 
al., 2018). Transgressive segregation due to an accumulation of benefited genes from both 
parents through gene recombination, the opportunity to select performances better than 
parents (Springer and Schmitz, 2017). The distribution analysis of character phenotypes as a 
yield component on the number of filled grains per panicle (Figure 3), the percentage of 
empty grains (Figure 4), and grain weight per hill (Figure 5) in the F4 population show the 
average value higher than their parents. The character expresses the opportunity to increase 
the yield component character which followed by the increase of grain yield. In general, 
grain yield is genetically influenced by three main characters, namely the number of panicles 
per hill, the number of filled grains per panicle, and grain weight per hill, and all three are 
controlled by many genes (Xing et al., 2010; Zhou et al., 2018). Zhou et al. (2016) have 
studied the DHHC-type, zinc finger protein genes which regulate tiller formation in rice, and 
these genes increase tiller by 40%. 
The percentage analysis of F4 population at each crossing based on grain weight/hill 
shows that the crossed Sriwijaya/N22 produced the highest grain weight per hill 105.7 
grams, followed by Sriwijaya/IR7858-1 84.57 grams, and Bugis/N22 81.57 grams, and 
Bugis/IR7858-1 63.6 grams (Figure 6). The number and size of the grain is the agronomic 
character that determines the grain yield. The number of grains per panicle contributes to the 
formation of grain and is significantly influence the rice yield (Zhou et al., 2018). Gou et al. 
(2018) revealed that higher expression of mutant GSN1 increase grain numbers but decrease 
the grain size. The GSNI was directly deactivating mitogen-activated protein kinase 
OsMPK6 through dephosphorization. Furthermore, Zhou et al. (2018) have identified a 
major quantitative trait locus (QTL) on chromosome number 4 which is highly influence the 
number of grains per panicle. 
Selection with one character often sacrifices other characters that also play an 
important role at the yield component characters. The weakness of individual character 
selection could be overcome by simultaneous selection where each selection is performed on 
several characters. Simultaneous selection in the F4 population of the single cross is based 
on the character of grain weight/hill, and panicle length is expectedly obtaining high yield 
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plants with longer panicle. The selection by two characters increases the grain weight/hill by 
69.5% with selection differential values for panicle length of only 21.8% in the next 
generation. The research results also show an increased on other characters, namely the total 
grain size of 55.4%, the number of filled grain per panicle 68.4%), and decreased on empty 
grains by 210.5% (Table 4). 
Higher estimation of genetic diversity is supported by higher heritability values 
which indicate the character could be used as a selection goal due to the characters are 
determined by genetic factors so that the selection would be effective and efficient 
(Ogunniyan and Olakojo, 2014; Srivastava et al., 2017). This experiment result indicates that 
whole characteristics of observed grain yield express both high heritability and genetic 
diversity values so that both high heritability and genetic diversity value could be selection 
goals no matter with single or multiple character methods. The selection on the higher filled 
grain numbers and dense panicle character, no matter the rice panicles length, are significant 
to be considered for the new type upland rice with high yield rate. 
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Table 1.  Genetic Analysis on the Grain Yield of F4 Populations in the Single Crossing of Local Rice Variety 
Characters σ2g Σ2p σ2e KKG (%) Criteria HBS Criteria 
Panicle length 4.46 5.70 1.24 7.63 moderate 0.78 high 
Total number of 
grains per panicle 
2942.34 3025.00 82.66 25.51 broad 0.97 high 
The number of 
filled grains per 
panicle 
2588.42 2669.15 80.73 30.09 broad 0.97 high 
Percentage of 
empty grain per 
panicle 
159.74 162.58 2.84 62.46 broad 0.98 high 
Grain weight per 
hill 
1019.49 1021.41 1.91 51.49 broad 0.99 high 
 
 
Table 2.  Estimation of Gene Action and Number of Genes of Grain Yield Character in F4 Population from 
Single Crossing of Local Rice Varieties 




Panicle length 0.11 0.05 
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 additive 2.86 1.35
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Table 3.  The Selection differential based on grain weight/hill character in the F4 populations from a single 









Panicle length 21.9 27.7 20.9 
Total number of grains per panicle 109.8 212.6 48.4 
The number of filled grains per panicle 68.1 169.1 59.7 
Percentage of empty grain per panicle 37.97 20.2 -87.6 




Table 4.  The selection differential based on grain weight/hill and panicle length character in the F4 populations 









Panicle length 21.9 28.0 21.8 
Total number of grains per panicle 109.8 246.2 55.4 
The number of filled grains per panicle 68.1 215.6 68.4 
Percentage of empty grain per panicle 37.97 12.2 -210.5 
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